A procedure to find the speed of sound in tuning fork metal is described. The formula needed is extracted from the literature and explained. Since the equipment needed for this project is readily available in most high school and introductory level college science laboratories, this exercise can be done without any additional cost.
The details of the tuning fork construction formula are extracted from the literature and presented here. Calculation procedures to evaluate the speed of sound in the tuning fork material are outlined.
Theory
The vibrations of the tuning fork are controlled by the elasticity and the inertia of the prongs of the fork. The complex vibrations of the tuning fork involve bending deformation of the prongs.
Transverse motions of the prongs cause an up and down motion in the stem of the tuning fork [1, 2] . Tuning forks are commonly used in resonance in experiments with air columns to determine the speed of sound in air very accurately. The frequency of a tuning fork can be determined experimentally by using a sonometer. Both these experiments are frequently performed in introductory level physics courses in high school and/or college. An elementary derivation of the tuning fork frequency formula using dimensional analysis is also given in a book [3] .
The mathematical treatment of transverse vibrations in a straight rod or bar is very complicated [1, 4] . The tuning fork is an example of a bar clamped at one end. The symmetrical modes of a tuning fork are treated as being due to two vibrating bars fixed at their lower ends. For such a bar the vibration nodes for overtones are not evenly spaced and therefore the overtones are not integral multiples of the fundamental tone. The mathematical solution and the essential details of the transverse vibrations of a bar clamped at one end are succinctly summarized in references [1, [4] [5] [6] [7] [8] [9] . Such analysis leads to the following formula for the frequency: ).
This expression is the result of applying the boundary conditions to the vibrations of a finite bar, thereby limiting the allowed modes to a discrete set of frequencies. Here f ϭ frequency in Hz, n ϭ 1, 2, 3, 4, . . ., E ϭ Young's modulus of the material of the bar in N m
Ϫ2
, ϭ density of the bar metal in kg m
Ϫ3
, L ϭ length of the bar in m, and K ϭ radius of gyration of the bar (of rectangular cross section with t ϭ thickness of the bar in m in the direction of vibration) = t/12 1/2 . Figure 1 gives a pictorial representation of t and L for a tuning fork. In equation (1) We can rearrange equation (2) as
We can rewrite equation (7) as v ϭ f 1 where ϭ 6.173L 2 /t is the wavelength in m of the compression waves in the metal for the fundamental frequency f 1 .
When a tuning fork is gently struck the amplitude of the overtones is not entirely negligible. Thus, immediately after being struck, a distinct metallic quality to the sound is produced and lasts for a short time. The amplitudes of the overtones are much smaller than the fundamental. The high-frequency metallic sound rapidly dies out [1, 4, 7, 8] . The final sustaining sound is a mellowed pure tone of the fundamental mode. This is the frequency number that is printed on laboratory tuning forks by the manufacturers.
An experiment involving the formula of a tuning fork as f 1 = constant ϫ t/L 2 is given as a laboratory exercise in a manual [10] . However, it does not give the details about the relation of this constant to v, and the moment of inertia or the connecting references needed to appreciate a determination of v by experiment. 
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Experimental details
Besides a collection of tuning forks, the items needed to perform this experiment are a metre rule and a vernier caliper.
In Taking logarithms of equation (3), then differentiating and finally multiplying by 100 throughout, we get the percentage error
The manufacturer of the tuning forks specifies the right-hand side of equation (9), which is an error in f 1 , to be Ϯ 0.5%. These frequencies as given by the manufacturer seem quite reliable on the basis of our experiments involving these tuning forks in resonance in air columns and the sonometer. We estimate ⌬L to be no more than 0.001 m, and the term (2⌬L/L) ϫ 100% varies from 1.3% for fork #1 to 1.9% for fork #9, giving an average of about 1.6% error due to this term. The ⌬t in our measurement is about 0.0002 m, so the error term (⌬t/t) ϫ 100% may amount to 1.4%. If we assume that all these errors add cumulatively, the percentage error in the extreme case for the calculated value of v can be 3.5%.
Another contributing factor can be due to the fact that the speed of sound in the aluminium alloy used to construct the fork may not be exactly 51 
N E W A P P R O A C H E S Figure 2 is a plot of f 1 in Hz against 1/ in m
Ϫ1
. As expected, it is a straight line graph. The slope of this line measures v. The extrapolated line passes through the origin as expected.
Conclusions
This experiment can be adoped by institutions where a collection of tuning forks made of the same metal is available. It can be supplemented with a discussion of the vibrations of a bar clamped at one end. It gives an acceptable value of the speed of sound in aluminium. It can be used to impress on students all the scientific calculations and engineering details that go into making such a simple piece of equipment as a tuning fork.
